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Abstract
Aim of study: : The effect of microencapsulated phenolic compound extracts of Maclura tinctoria (MTBE) on growth performance and 
humoral immunity markers of the white leg shrimp Litopenaeus vannamei juveniles (0.5 ± 0.2 g initial weight) was studied.
Area of study: M. tinctoria was collected from Hampolol, Campeche, and Arroyo del Agua, Culiacan, Sinaloa, Mexico.
Material and methods: Three MTBE inclusions (0.5, 1, and 2.5 g MTBE/kg, Purina®) were compared with a control commercial feed 
(Purina®) during 30 days. Nine phenolic acids, nine flavonols, four dihydro-flavonoids, four flavones, and seven unidentified phenolic 
compounds were determined fin the MTBE using a Perkin Elmer® HPLC chromatograph and diode array-detection.
Main results: The mean concentrations of total phenolic compounds, total flavonoid compounds, and condensed tannins were 198.05 
± 5.59 mg gallic acid equivalent (GAE) g-1 dw, 78.57 ± 1.80 quercetin equivalent g-1, and 28.32 ± 0.33 mg epicatechin equivalent g-1, 
respectively. The ferric reducing antioxidant power and the total antioxidant capacity, respectively, averaged 28.32 mg GAE mL-1 and 
10.9 mg ascorbic acid equivalent mL-1. Survival, weight gain, and specific growth rate of L. vannamei were similar among the experi-
mental diets. The dietary inclusion of MTBE at 0.5 g/kg of food showed significant higher (p < 0.05) plasma hemocyte lysate protein 
(1.35 ± 0.055 µg mL-1), prophenoloxidase (0.47 ± 0.15, Abs. 492 nm), and superoxide anion (O2.-) activity (0.21 ± 0.07, Abs. 630 nm).
Research highlights: The supplementation of MTBE at 0.5 g/kg of food could be considered as a potential alternative additive for L. 
vannamei diet in the juvenile production, since it improved the response of the humoral immunity markers at post larval life stages, when 
cultivated shrimp are more susceptible to be infected by pathogens.
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Abbreviations used: FRAP (ferric reducing antioxidant power assay); GAE (gallic acid equivalent); HLS (hemocytes lysate super-
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Introduction
Shrimp aquaculture is one of the main economic acti-
vities in tropical and subtropical areas, which supply this 
product at a world scale reaching more than four million 
tons. The success of white shrimp (Litopenaeus vannamei 
Boone 1931) production depends on reducing the impact 
of diseases and epizootics (Zhang et al., 2016; Dewangan 
et al., 2017), mainly during its larval and juvenile stages. 
Among the most important pathogens that cause disea-
ses in larval and juvenile stages of P. vannamei are White 
Spot Syndrome Virus (WSSV) and Taura Syndrome Vi-
rus (TSV), and Vibrio species (Cheng et al., 2011; Rajku-
mar et al., 2017). Intensification of culture applications 
has led to diseases causing up to 80% economic losses 
in hatcheries (mainly within 60–80 days post-stocking) 
(Kibenge, 2019)); e.g. total losses caused just by WSSV 
have amounted to 3 billion US dollars per year (Yang et 
al., 2016). For decades, the use of antibiotics has been 
a common practice for the prevention of shrimp disea-
ses (Bermúdez-Almada & Espinosa-Plascencia, 2012); 
however, it is well documented that the application of 
these chemicals is a management practice that involves 
dangers and risks to the environment and human health 
(Thornber et al., 2020). Therefore, the search for alter-
native compounds that are environmentally-friendly, 
harmless to human health, and do not compromise shrimp 
production are a priority (Romero et al., 2012).
The use of alternative substances and microorganisms 
with antimicrobial and immunostimulant activities to re-
duce diseases impact (Peraza-Gómez et al., 2014; Tre-
jo-Flores et al., 2016) and diminish the application of 
antibiotics (Cabello, 2006) in the shrimp industry has 
been increasing. Allelopathic powders and plant extracts 
are immunomodulator and immunostimulant additives 
commonly used in safeguarding animal health (Tiwari 
et al., 2018). Among these products, the phenolic com-
pounds-based extracts have been described as potential 
immunostimulants, antipathogenic, and antistress agents 
in aquaculture (Chakraborty & Hancz, 2011). 
The Maclura tinctoria tree is a deciduous, semide-
ciduous, and even perennial arboreal native species of 
dry and wet tropical regions from Mexico to Argentina 
(Berg, 2001). Although antibacterial, antioxidant, and 
immunostimulant benefits of M. tinctoria extracts have 
been proved in laboratory assays (Lamounier et al., 2012; 
Matson-Robles et al., 2015), their chemical properties are 
commonly reduced by temperature, light, and environ-
mental conditions (Santos-Buelga et al., 2019). The mi-
croencapsulation technique represents a viable alternative 
(Ozkan et al., 2019) to preserve the allopathic properties 
of M. tinctoria’ extracts. There are few studies on the use 
of some phenolic compounds in shrimp culture (Sudheer 
et al., 2011; Chandran et al., 2016; Tomazelli-Júnior et 
al., 2018), but so far, supplementation of microencap-
sulated phenolic extracts of M. tinctoria in diets for L. 
vannamei juvenile has not been described yet. In the pre-
sent work, we studied the effect of microencapsulated 
phenolic compound extracts of M. tinctoria on growth 
performance (final weight gain, specific growth rate, and 
survival) and humoral immunity markers (protein concen-
tration in plasma and hemocytes, phenoloxidase activity, 




Three samples of M. tinctoria fruits were obtained 
from 20 reproductive trees (60 samples) from two tropical 
dry forest areas of Mexico (19°56´32” N, 90°22´32” W, 
and 24° 52´42.39” N, 107°17´47.53” W). Dried samples 
were pulverized with a domestic blender (Sunbeam®, 
USA), then, 5.5 g powder per sample were extracted 
with 30 mL of 50% ethanol (Baker®) and kept isolated 
from light in amber jars until laboratory analysis. For 
microcapsules, the core materials were M. tinctoria fruit 
extracts (MTBE) and fish oil (Pescadería Mora®, Mex), 
wall materials consisted of food grade gum arabic E 414 
(Alfred L. Wolf®, Mex) and maltodextrin DE® 10 (Che-
mistry LEFE®, Mex), according to (González-Ocampo et 
al., 2016). 
Extraction, identification, quantification, and 
microencapsulation of M. tinctoria phenolic 
compounds
To obtain the MTBE microcapsules, the bark powder 
was mixed with ethanol, stirred, and kept in the dark for 
24 h. Thereafter, a solution was prepared with 183 g of 
bark powder and 1 L of absolute ethanol (50%) FAGA-
LAB®. The solution was stirred for 24 h, filtered through 
an analytical sieve with a mesh (90 μm) (WS Tyler®, 
USA) to remove solids, and subsequently kept in amber 
jars (Almaraz-Abarca et al., 2013).
The microencapsulation technique was developed 
in the Aquaculture Laboratory of the CIIDIR-IPN Sina-
loa Research Center, and is being processed for a patent 
(MX/a/2016/007504) at the Instituto Mexicano de la Pro-
piedad Intelectual, IMPI (González-Ocampo et al., 2016).
Phenolic content
The phenolic composition of MTBE was determined 
through high performance liquid chromatography, HPLC 
(Perkin-Elmer®, Series 200 HPLC system, Shelton, CT, 
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USA) using a Perkin Elmer® Brownlee Analytical C18 
column (4.6 × 250 mm, 5 µm) and diode array-detection 
(DAD) system (Perkin Elmer Series 200, USA), with a 
modified gradient method (Campos & Markham, 2007). 
Maximal absorbance was achieved employing a gradient 
method with mobile phase, which consisted of a mixture 
of water, 0.05% orthophosphoric acid (2.5 pH, Baker®, 
USA) (A), and acetonitrile (J. T. Baker®, USA) (B) as 
follows: 100(A):0(B) 0-12 min; 87(A):13(B) 12-20 min; 
67(A):33(B) 20-32 min, and 57(A):43(B) 32-42 min, at a 
flow rate of 1 mL min-1. The identified phenolic chroma-
tograms were registered at 260 nm and structural infor-
mation of compounds was compared with the reference 
of compounds and its retention time (RT) from Apin Che-
micals Limited® (Abingdon, Oxon, UK) standard: caffeic 
acid (RT: 53.13 min; λmax), p-coumaric acid (RT: 37.2 min; 
λmax: 294sh, 308), quercetin (RT: 45.95 min; λmax: 260, 
268sh, 299sh, 370), rutin (quercetin-3-O-[rhamnosyl(1-6)
glucoside]; RT: 33.74 min; λmax: 255, 264sh, 294sh, 355), 
apigenin (RT: 59.60 min, 267, 290sh, 335), quercitrin 
(quercetin-3-O-rhamnoside, RT: 38.54, λmax: 255, 264sh, 
295sh, 348), morin (RT: 45.4, λmax: 254, 264sh, 298sh, 
354), hesperidin (RT: 39.34, λmax: 284, 335sh), and na-
ringenin (RT: 52.25, λmax: 289, 335sh). Spectral informa-
tion was obtained from the phenolic compounds’ spectral 
data described by Mabry et al. (1970) and Campos & 
Markham (2007).
Antioxidant capacity
The total antioxidant capacity (TAC) was calculated 
by the ferric reducing antioxidant power (FRAP) me-
thod (Oyaizu, 1986) and the molybdate VI reduction to 
molybdate V assay, modified by Prieto et al. (1999). The 
FRAP assay is based on the reduction power of the plant 
extracts. The ferric ion (Fe3+) is reduced to ferrous ion 
(Fe2+) forming the blue complex (Fe2+ TPTZ-1), which 
increases the absorption at 593 nm; samples and standard 
(ascorbic acid) were read after 30 min. Results are ex-
pressed as the extract concentration required to reach an 
absorbance value of 0.5 EC50 (effective concentration at 
50%) in equivalent milligrams of ascorbic acid per milli-
liter of extract (mg EAA mL-1) and equivalent milligrams 
of ascorbic acid per gram of microcapsules (mg EAA g-1). 
The calibration curve of ascorbic acid (Eq. 1) was prepa-
red with four concentrations of ascorbic acid (10-40 µL 
combined with a volume of methanol to reach 1 mL as 
final volume). The absorbance values of the samples were 
substituted in the equation and the results were adjusted 
to the dilution factor used and expressed in equivalent 
milligrams of gallic acid per gram of microcapsules (mg 
GAE g-1).
Abs700 =  0.0711 [Ascorbic acid] − 0.1057,      r = 0.9963   [1]
TAC was determined by the method of reducing 
molybdate VI to molybdate V, following the procedure 
described Prieto et al. (1999). Each sample of 100 μL was 
mixed with 1000 μL of molybdate solution and incubated 
in a thermoblock (Thermolyne® Dry Bath DB28125) for 
90 min at 95 °C. Once all samples had been cooled to 
room temperature (in the dark), the absorbance at 695 nm 
was recorded. A calibration curve (A695 = 0.0729-0.0747 
[gallic acid], correlation coefficient r = 0.9947) (Eq. 2) 
was prepared with different concentrations of gallic acid 
(0.5, 1.0, 2.5, 5.0, 7.5. and 10 mg mL-1).
𝐴𝐴𝐴𝐴𝐴𝐴695 =  0.0729 [gallic acid] − 0.0747,      𝑟𝑟 =  0.9947   [2]
The absorbance values of the sample were substituted 
in the equation, and the results were adjusted to the used 
dilution factor and expressed in mg GAE mL-1.
Bioassay
Juveniles of L. vannamei (0.5 ± 0.2 g) were obtained 
from the “Cuate Mechado” shrimp farm (Guasave, Sina-
loa, Mexico). Experimental units consisted of 120-L plas-
tic tanks with 80 L of seawater (34-35 mg L-1) supplied 
with constant aeration. Stocking density was adjusted at 
10 shrimp per tank. MTBE treatments were tested as a fe-
eding additive with three replicates and coded as follows: 
CTRL, control group fed with commercial feed (Purina®, 
35% protein); T1, 0.5 g MTBE/kg of feed; T2, 1 g MTBE/
kg of feed; and T3, 2.5 g MTBE/kg of feed. Shrimps were 
fed twice a day (9:00 and 17:00 h) at a feeding ration of 
7% of total biomass per tank, for 30 days. The tanks were 
cleaned (residues of food and wastes) by siphoning the 
bottom every three days. Clean seawater was added to re-
place water loss by evaporation and siphoning up to 120 
L from each thank every five days.
Growth and survival of L. vannamei
The final weight gain, specific growth rate, and sur-
vival of Litopenaeus vannamei juveniles were evaluated 
at the end of the study. Final weight gain (%) was obtai-
ned following the procedure of Amaya et al. (2007). The 
specific growth rate (SGR) (% d-1) was calculated in 
percentage using the Ziaei-Nejad et al. (2006) equation 
(Eq. 3): 
    SGR (% d−1)  = 100 (𝑙𝑙𝑙𝑙Wt−𝑙𝑙𝑙𝑙W0 𝑡𝑡 )               (3)
where t is the bioassay period (d), lnW0 is the natural lo-
garithm of the initial shrimp´s weight (g), and lnWt is the 
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natural logarithm of the final weight (g). Survival (%) was 
calculated  according to Ziaei-Nejad et al. (2006).
Hemolymph collection
At the end of the bioassay, the hemolymph was ex-
tracted from the ventral area of the shrimp’s cephalotho-
rax by using insulin syringes (27G × 13 mm) containing 
SIC-EDTA Na2 (450 mM NaCl, 10 mM KCl, 10 mM He-
pes, and 10 mM EDTA, Na2) pH 7.3 (Hernández-López 
et al., 1996) as anticoagulant, at a proportion of 2:1 (anti-
coagulant:hemolymph).
Hemolymph analysis 
Hemocytes from plasma and lysate supernatant (HLS) 
were obtained following the method of Vargas-Albores 
et al. (1993). Protein concentration in HLS was deter-
mined using the Bradford (1976) method using bovine 
serum albumin (BSA, Sigma®) as standard. The Brad-
ford method involves the binding of Coomassie Brilliant 
Blue G-250 to protein and the absorbance is determined 
at 595 nm.
Phenoloxidase, prophenoloxidase, and superoxide 
anion 
Humoral response of L. vannamei juvenile was deter-
mined with the activity of phenoloxidase (PO) and pro-
phenoloxidase (proPO) enzymes and the superoxide anion 
concentration. PO for small samples was measured spec-
trophotometrically (490 nm min-1 g protein-1) according 
to Hernández-López et al. (1996), by recording the for-
mation of dopachrome produced from L-dihydroxyphen-
ylalanine (L-DOPA) and the amount of inactive proPO 
in samples containing also PO activity was calculated as 
total available proPO minus PO activity before trypsin 
treatment. The superoxide anion (O2-) was quantified (630 
nm) using the methodology of Song &  Hsieh (1994) ba-
sed on SIC-EDTA buffer to wash hemocyte pellets; the 
cytoplasmic formazan was read at 630 nm in a Thermo 
Spectronic Genesys 2 spectrophotometer.
Physicochemical seawater parameters
Salinity, pH, dissolved oxygen, and temperature were 
determined in each tank before cleaning, siphoning, and 
water replacement. Nitrites, nitrates, and ammonium 
(Strickland & Parsons, 1972) were measured at the be-
ginning and end of the bioassay and throughout the study 
remained within the optimum levels for shrimp culture 
(Brock & Main, 1994).
Statistical analysis
ANOVA was applied to determine the differences of 
protein in plasma and HLS, PO and proPO activities, 
SGR, and superoxide anion concentration (mean ± SD) 
among treatments. Results of SGR were log10 transfor-
med to normalize its distribution. If significant differen-
ces were found (p < 0.05), a post-hoc Tukey honestly 
significant difference (HSD) with multiple comparisons 
of Scheffé, Bonferroni and Holm was used to identify the 
differences.
Results
Phenolic compounds profile of M. tinctoria
The chemical and rehydration properties of the mi-
crocapsules are detailed on Table 1. The physical proper-
ties of the microencapsulated phenolic compounds fulfill 
Chemical properties Rehydration properties
TPC 198.05±5.59 Humidity (%) 4.64±0.25
TF 78.57±1.80 Water activity (aw) 0.15±0.003
CT 29.51±2.6 Moistening time (s) 2340±103.8
FRAP EC50 1.09±0.44 Dissolution time (s) 3960±60
TAC 28.32±0.33 Hygroscopicity (%) 14.19±1.50
Table 1.  Chemical and rehydration properties of the microcapsules containing the 
phenolic compounds extracts of M. tinctoria.
TPC = total phenolic compounds (mg GAE g-1). TF = total flavonoids (mg EQ g-1). 
CT = condensed tannins (mg ECA g-1). FRAP EC50 = antioxidant capacity by ferric 
reducing antioxidant power (mg EAG mL-1). TAC = total antioxidant capacity by 
molybdate reduction (mg GAE mL-1). GAE = equivalents of gallic acid. EQ = 
equivalents of quercetine. ECA = equivalents of epicatechin
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the requirements for their storage and preservation, re-
vealing their viability as an antioxidant supplement for 
shrimp feeds. 
Thirty-three phenolic compounds were identified in the 
M. tinctoria extracts, of which, nine were phenolic acids, 
nine flavonols (two methylquercetin-3-glycosides, two 
kaemferol-3-O-glycosides, and four quercetin-3-O-gly-
cosides), four dihydro-flavonoids, and four flavones (one 
apigenin glycoside, two luteolin glycosides, and one 
chrysoeriol glycoside). Seven were unidentified phenolic 
compounds (Fig. 1). 
Antioxidant capacity 
The antioxidant capacity of the microcapsules, con-
taining the phenolic compound extracts of M. tinctoria, 
averaged 28.32± 0.33 mg GAE mL-1 and 10.9 ± 0.44 mg 
Figure 1.  UV spectra, λmax, and retention time (RT, min) of phenolic compounds detected in Maclu-
ra tinctoria from Sinaloa and Campeche, Mexico. BC: bark of samples from Campeche. BS: bark 
of samples from Sinaloa. LC: leaves from Campeche. LS: leaves from Sinaloa. GFC: fruits from 
Campeche. GFS: fruits from Sinaloa.
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ascorbic acid equivalent mL-1 for TAC and FRAP, respec-
tively (Table 1).
Effect of phenolic extracts microcapsules of M. 
tinctoria on growth performance and survival of 
L. vannamei
No significant differences (p > 0.05) were found in 
shrimps’ final weight among treatments (Fig. 2a). SGR 
was not significantly different (p > 0.05) among groups; 
CTRL and T1 treatments showed the highest SGR with 
5.94 ± 0.6% and 5.96 ± 0.7%, respectively (Fig. 2b). Sur-
vival was 96.5% in CTRL and T1. In T2 and T3, survival 
was 100% (Fig. 2c). 
Plasma, HLS and total protein
The T1 group displayed a significantly higher (p < 
0.05) HLS protein content (1.35 ± 0.55 µg mL-1) than 
T2 and T3 groups (Fig. 3a), however, none of the groups 
showed statistically significant differences when compa-
red to the control group. Total and plasma protein showed 
no significant differences (p > 0.05) (Figs. 3b and 3c). 
Concentrations of superoxide anion and PO 
(proPO) activity
Superoxide anion concentration showed no significant 
difference between T1 and T2 groups. T1 group had a 
higher superoxide anion concentration (0.21, Abs. 630 
nm) than T3 groups, but none of the groups was different 
from the control group (Fig. 4) (p ˂ 0.05). 
The activity of PO (activated proPO) in HLS (Fig. 5A) 
and total PO (Fig. 5B) was significantly higher (p < 0.05) 
in T1 as compared to treatments T2 and T3.
Discussion
Numerous studies have established the economic 
impact due to diseases and mortality caused by diverse 
pathogens during larval and postlarval stages in L. van-
namei aquaculture (Doyle, 2016; de Torres Bandeira et 
al., 2019), and have focused on the use of diverse plant 
extracts for shrimp immunostimulation (Chakraborty & 
Hancz, 2011). 
In this study, the phenolic compounds detected in the 
fruits (glycosides, flavanones, flavonoids, and xantho-
nes) are similar to previous reports using wood, bark and 
Figure 2.  Initial weight [black bars] and final weight [grey 
bars] (A), specific growth rate, SGR (B), and survival (C) of 
Litopenaeus vannamei juveniles fed with different dietary inclu-
sions of microencapsulated phenolic extracts of Maclura tincto-
ria. Treatments: CTRL, control group fed with commercial feed 
(Purina®, 35% protein); T1, 0.5 g of MTBE/kg of feed; T2, 1 g 
of MTBE/kg of feed; and T3, 2.5 g of MTBE/kg of feed. Bars 
are means ± SD.
Figure 3.  HLS protein content (A), HLS plasma protein (B) 
and total protein (C) of Litopenaeus vannamei juveniles fed 
with different dietary inclusions of microencapsulated phenolic 
extracts of Maclura tinctoria (MTBE). CTRL, control diet; T1, 
0.5 g of MTBE/kg of feed; T2, 1 g of MTBE/kg of feed; T3, 2.5 
g of MTBE/kg. Bars are means ± SD. Different letters indicate 
significant differences (p < 0.05).
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leaves from Maclura genus (Lamounier et al., 2012; Mat-
son-Robles, et al., 2015), which independently of the 
plant tissue used, the phenolic compounds showed an-
tioxidant, antibacterial, and immunostimulant properties. 
The MTBE supplied to shrimp feeds have not affected 
the L. vannamei juvenile growth and survival, as resulted 
in the present study. Similar observations were reported 
by Subramanian et al. (2013). These authors reported a 
higher SGR in white shrimp fed with a dietary inclusion 
of the Korean black raspberry, Bokbunja Rubus coreanus 
extract during four weeks. As M. tinctoria, the Korean 
black raspberry contains total phenolic compounds (TPC) 
and total flavonoids (Yang & Choi, 2017), which are di-
rectly related to the antioxidant activity and improve the 
growth in earlier stages of aquaculture species (Hussain 
et al., 2020).
Survival showed no significant differences (p > 
0.05) between treatments and the control group. This 
survival pattern of L. vannamei had been reported ear-
lier when adding other phenolic extracts from species 
such as Rhodiola rosea (Wang et al., 2017b), Yucca 
schidigera, and Quillaja saponaria (Hernández-Acos-
ta et al., 2016) to the shrimp’s diet. The humoral sys-
tem could be able to respond to the treatments since 
shrimps infected with pathogens and treated with phe-
nolic extracts have shown higher survival rates (Júnior, 
et al., 2018).
The plasma protein includes protein from enzymes, 
hormones and metabolites. Increment of proteins in the 
plasma has been described to be caused by a diverse fac-
tors such as the stress or the presence of pathogens in 
the plasma (Gholamhosseini et al., 2020). In the present 
study, no significant higher plasma protein was determi-
ned among CTRL and treatments. This might be because 
the MTBE supplied in the feed was not detected as a 
threat by the immune system of the L. vannamei juve-
niles. Nevertheless, the protein content in the HLS was 
significantly higher at 0.5 mg kg-1 but not in the plasma 
and total protein content. High protein in HLS has been 
reported to be a response of the humoral system that 
increases the production of enzymatic proteins (Valen-
tim-Neto et al., 2015; Wang et al., 2017a); commonly, 
crustaceans with a good immune system present a high 
protein content in hemocytes (Lamela et al., 2008). In 
the present study, supplementation with MTBE in the 
treated L. vannamei juveniles could have activated their 
humoral response. Live pathogen challenge bioassay, 
together with immune gene expression need to be consi-
dered to demonstrated the effectiveness of microencap-
sulated MTBE in shrimp juvenile culture.
Although the superoxide anion (SO) showed no 
significant differences (p>0.05) among treatments, it 
decreased at higher MTBE concentrations, being sig-
nificantly lower (p<0.05) in the T3 than T1 and T2. It 
is suggested that the highest MTBE supplementation 
(2.5 mg of MTBE per kilogram of feed) could reduce 
the SO anion production. The antioxidant system of L. 
vannamei has been previously stimulated with alcoholic 
plant extracts (Esquer-Miranda et al., 2016; Júnior et al., 
2018), and, in some cases, polyphenols have ameliorated 
the phagocytosis of the retinal pigment of epithelial cells 
(Liu et al., 2018). Supplementation with MTBE could 
Figure 5.  Phenoloxidase (PO) activity in hemocytes lysate su-
pernatant (HLS) (A) and total PO (B) of Litopenaues vannamei 
juveniles fed with different dietary inclusions of microencapsu-
lated phenolic extracts of Maclura tinctoria (MTBE). CTRL, 
control diet; T1, 0.5 g of MTBE/kg of feed; T2, 1 g of MTBE/
kg of feed; T3, 2.5 g of MTBE/kg of feed. Bars are means ± SD. 
Different letters indicate significant differences (p < 0.05). 
Figure 4.  Superoxide anion concentrations in Litopenaues 
vannamei juveniles fed with different dietary inclusions of 
microencapsulated phenolic extracts of Maclura tinctoria 
(MTBE). CTRL, control diet; T1, 0.5 g of MTBE/kg of feed; 
T2, 1 g of MTBE/kg of feed; T3, 2.5 g of MTBE/kg of feed. 
Bars are means ± SD. Different letters indicate significant diffe-
rences (p < 0.05).
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stimulate the antioxidant system of L. vannamei juve-
nile as seen in T1, and increase its PO activity, which 
agrees with the reports by Vanichkul et al. (2010), Hsieh 
et al. (2013), and Wang et al. (2017b). Extracts from 
the species Uncaria tormentosa showed lower Trolox 
equivalent  (3.610 ± 0.054 mmol g-1) (Júnior et al., 2018) 
than any of the extracts tested in the present study. Their 
lower TAC but higher TPC (554.60 ± 0.015 mg GAE g-1) 
was reported accompanied by a significant higher survi-
val rate of L. vannamei at 2 and 4% of U. tormentosa to 
eliminate the clinical signs of WSSV. Similar high survi-
val rates were reported by Sudheer et al. (2011), who ad-
ded Rhizophora mucronata, and Sonneratia spp. to the 
feed of Penaeous monodon challenged with WSSV, and 
Ceriops tagal extracts to the shrimp diet. The microen-
capsulated phenolic compound extracts doses used in the 
present study could be high in relation to the shrimp’s 
weight. It is necessary to calculate the MTBE dose ba-
sed on the concentration of phenolic extracts to properly 
determine this critical effect and correlate it with shrimp 
survival and growth rate.
In L. vannamei, the proPO system plays a key role 
in the humoral response against pathogen infections and 
the production of proPO is increased some days after 
infection (Wu et al., 2017). The significantly higher pro-
PO activity (p < 0.05) found in HLS could be attributed 
to the stimulation by the microencapsulated phenolic 
compounds supplied; although survival showed no sig-
nificant differences (p > 0.05), the shrimp juvenile in T2 
and T3 showed 100% survival. Phenolic extracts increa-
se the gene expression related to the immune system and 
the production of antioxidant enzymes (Subramanian et 
al., 2013). The 33 encapsulated phenolic compounds de-
termined in the present study may have stimulated the 
humoral system and antioxidant capacity, increasing 
survival and growth in shrimps. These phenolic com-
pounds have been proven to possess the ability to trap 
superoxide anions and hydroxyl radicals (Choi et al., 
2017; Hamed et al., 2017).
In conclusion, MTBE supplementation did not show 
negative effects on shrimp survival and growth. There 
were no significant differences in any of the tested hu-
moral immunity markers of the white leg shrimp (L. 
vannamei) (HLS protein, superoxide anion, proPO, and 
phenoloxidase). In this sense, further research is needed 
considering lower MTBE concentrations, feeding pe-
riods, and the effects on other humoral agents, like total 
hemocytes count, immune gene expressions, and/or an-
tioxidant enzymatic processes in L. vannamei, including 
catalase and superoxide dismutase. To the best of our 
knowledge, this is the first report on the effect of microen-
capsulated phenolic compound extracts of M. tinctoria on 
phenoloxidase activity, protein content, survival, growth 
specific rate, and anion superoxide concentration in L. 
vannamei juveniles. 
Acknowledgments 
Thanks to the Instituto Politecnico Nacional for finan-
cial and logistic support. The authors are grateful to Ingrid 
Mascher for reviewing the English.
References
Almaraz-Abarca N, González-Elizondo MS, Campos 
MG, Ávila-Sevilla ZE, Delgado-Alvarado EA, Ávi-
la-Reyes JA, 2013. Variability of the foliar phenol 
profiles of the Agave victoriae-reginae complex (Aga-
vaceae). Bot Sci: 295-306. https://doi.org/10.17129/
botsci.9
Amaya EA, Davis DA, Rouse DB, 2007. Replacement of 
fish meal in practical diets for the Pacific white shrimp 
(Litopenaeus vannamei) reared under pond conditions. 
Aquaculture 262: 393-401. https://doi.org/10.1016/j.
aquaculture.2006.11.015
Berg CC, 2001. Moreae, Artocarpeae, and Dorstenia 
(Moraceae): with introductions to the family and Ficus 
and with additions and corrections to Flora Neotropi-
ca. In: Flora Neotropica Monograph 83. Organization 
for Flora Neotropica by the New York Botanical Gar-
den, Bronx, NY. 346 pp.
Bermúdez-Almada M, Espinosa-Plascencia A, 2012. 
The use of antibiotics in shrimp farming, health and 
environment in aquaculture; Carvalho E, Silva G & 
Silva RJ, eds. InTechOpen, pp: 199-214. https://doi.
org/10.5772/28527
Bradford MM, 1976. A rapid and sensitive method for 
the quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding. Anal 
Biochem 72: 248-254. https://doi.org/10.1016/0003-
2697(76)90527-3
Brock JA, Main KL, 1994. Guide to the common pro-
blems and diseases of cultured Penaeus vannamei. 
Oceanic Institute. ISBN: 1886608008
Cabello FC, 2006. Heavy use of prophylactic antibiotics 
in aquaculture: a growing problem for human and 
animal health and for the environment. Environ Mi-
crobiol 8: 1137-1144. https://doi.org/10.1111/j.1462-
2920.2006.01054.x
Campos MdG, Markham KR, 2007. Structure information 
from HPLC and on-line measured absorption spectra: 
Flavones, flavonols and phenolic acids. Imprensa da 
Univ. de Coimbra. ISBN: 9789898074058. https://doi.
org/10.14195/978-989-26-0480-0
Chakraborty SB, Hancz C, 2011. Application of phytoche-
micals as immunostimulant, antipathogenic and antis-
tress agents in finfish culture. Rev Aquacult 3: 103-119. 
https://doi.org/10.1111/j.1753-5131.2011.01048.x
Chandran MN, Moovendhan S, Suganya AM, Tamilselvi 
A, Bebin, Immanuel G, Palavesam A, 2016. Influence 
Spanish Journal of Agricultural Research March 2021 • Volume 19 • Issue 1 • e0604
9Antioxidant additive shrimp feeds
of polyherbal formulation (AquaImmu) as a potential 
growth promotor and immunomodulator in shrimp Pe-
naeus monodon. Aquacult Rep 4: 143-149. https://doi.
org/10.1016/j.aqrep.2016.10.002
Cheng L, Lin WH, Wang PC, Tsai MA, Ho PY, Hsu JP, 
Chern RS, Chen SC, 2011. Epidemiology and phylo-
genetic analysis of Taura syndrome virus in cultu-
red Pacific white shrimp Litopenaeus vannamei B. 
in Taiwan. Dis Aquat Organ 97: 17-23. https://doi.
org/10.3354/dao02407
Choi KC, Son YO, Hwang JM, Kim BT, Chae M, Lee JC, 
2017. Antioxidant, anti-inflammatory and anti-septic 
potential of phenolic acids and flavonoid fractions iso-
lated from Lolium multiflorum. Pharm Biol 55: 611-
619. https://doi.org/10.1080/13880209.2016.1266673
de Torres Bandeira J, de Morais RSMM, da Silva SMBC, 
dos Santos FL, 2019. White spot syndrome disease: 
Review. Medicina Veterinária (UFRPE) 12: 202-211. 
https://doi.org/10.26605/medvet-v12n3-2396
Dewangan NK, Ayyaru G, Kuzhanthaivel R, Somasun-
daram Thirugnanasambandan S, Martin GG, Daniel 
K, Ramakrishna RS, 2017. Incidence of simultaneous 
infection of infectious hypodermal and haemato-
poietic necrosis virus (IHHNV) and white spot sy-
ndrome virus (WSSV) in Litopenaeus vannamei. 
Aquaculture 471: 1-7. https://doi.org/10.1016/j.aqua-
culture.2017.01.002
Doyle RW, 2016. Inbreeding and disease in tropical 
shrimp aquaculture: a reappraisal and caution. Aqua-
cult Res 47: 21-35. https://doi.org/10.1111/are.12472
Esquer-Miranda E, Nieves-Soto M, Rivas-Vega ME, 
Miranda-Baeza A, Piña-Valdez P, 2016. Effects of 
methanolic macroalgae extracts from Caulerpa ser-
tularioides and Ulva lactuca on Litopenaeus vanna-
mei survival in the presence of Vibrio bacteria. Fish 
Shellfish Immunol 51: 346-350. https://doi.or-
g/10.1016/j.fsi.2016.02.028
Gholamhosseini A, Kheirandish MR, Shiry N, Akhlaghi 
M, Soltanian S, Roshanpour H, Banaee M, 2020. Use 
of a methanolic olive leaf extract (Olea europaea) 
against white spot virus syndrome in Penaeus vanna-
mei: Comparing the biochemical, hematological and 
immunological changes. Aquaculture 528: 735556. 
https://doi.org/10.1016/j.aquaculture.2020.735556
González-Ocampo HA, Almaráz-Abarca N, Alami-
lla-Beltrán L, Diáz JS, 2016. Antioxidant biotechnolo-
gical additive for aquaculture food and its production 
process. Intelectual Property Gazette, IMPI, Mexico. 
June 9th, p. 16. https://vidoc.impi.gob.mx/visor?usr=-
SIGA&texp=SI&tdoc=E&id=MX/a/2015/009493
Hamed MM, Refahy LAG, Abdel-Aziz MS, 2017. As-
sessing the bioactivity and antioxidative properties 
of some compounds isolated from Abutilon hirtum 
(Lam.). As J Pharm Clin Res 10: 333-340. https://doi.
org/10.22159/ajpcr.2017.v10i3.16229
Hernández-Acosta M, Gutiérrez-Salazar GJ, Guz-
mán-Sáenz FM, Aguirre-Guzmán G, Alvarez-Gonzá-
lez CA, López-Acevedo EA, Fitzsimmons K, 2016. 
The effects of Yucca schidigera and Quillaja sapo-
naria on growth performance and enzymes activities 
of juvenile shrimp Litopenaeus vannamei cultured in 
low-salinity water. Lat Am J Aquat Res 44: 121-128. 
https://doi.org/10.3856/vol44-issue1-fulltext-12
Hernández-López J, Gollas-Galván T, Vargas-Albores F, 
1996. Activation of the prophenoloxidase system of the 
brown shrimp Penaeus californiensis Holmes). Comp 
Biochem Physiol C: Pharmacol Toxicol Endocr 113: 
61-66. https://doi.org/10.1016/0742-8413(95)02033-0
Hsieh SL, Wu CC, Liu CH, Lian JL, 2013. Effects of the 
water extract of Gynura bicolor (Roxb. & Willd.) DC 
on physiological and immune responses to Vibrio algi-
nolyticus infection in white shrimp (Litopenaeus van-
namei). Fish Shellfish Immunol 35: 18-25. https://doi.
org/10.1016/j.fsi.2013.03.368
Hussain SM, Gohar H, Rasul A, Shahzad MM, Akram 
AM, Tariq M, Hussain M, Ali M, Khalid A, 2020. 
Effect of polyphenols supplemented canola meal ba-
sed diet on growth performance, nutrient digestibility 
and antioxidant activity of common carp (Cyprinus 
carpio linnaeus, 1758) fingerlings. Ind J Fish 67: 72-
79. https://doi.org/10.21077/ijf.2019.67.1.86990-10
Kibenge FSB, 2019. Emerging viruses in aquaculture. 
Curr Opin Virol 34: 97-103. https://doi.org/10.1016/j.
coviro.2018.12.008
Lamela REL, Quintana YC, Silveira Coffigny R, Martí-
nez M, Herrate NG, 2008. Effects of formalin on total 
haemocytes count and histopathological changes in 
the shrimp Litopenaeus schmitti (Pérez-Farfante & 
Kensley 1997). Aquacult Res 39: 1316-1321. https://
doi.org/10.1111/j.1365-2109.2008.01997.x
Lamounier KC, Cunha LCS, de Morais SAL, de Aquino 
FJT, Chang R, do Nascimento EA, et al., 2012. Che-
mical analysis and study of phenolics, antioxidant ac-
tivity, and antibacterial effect of the wood and bark of 
Maclura tinctoria (L.) D. Don ex Steud. Evidence-Ba-
sed Complementary and Alternative Medicine 2012: 
7. https://doi.org/10.1155/2012/451039
Liu Y, Liu M, Chen Q, Liu G-M, Cao M-J, Sun L, Lu Z, 
Guo C, 2018. Blueberry polyphenols ameliorate visi-
ble light and lipid-induced injury of retinal pigment 
epithelial cells. J Agr Food Chem 66: 12730-12740. 
https://doi.org/10.1021/acs.jafc.8b05272
Mabry TJ, Markham KR, Thomas MB, 1970. The sys-
tematic identification of flavonoids. Springer-Verlag. 
https://doi.org/10.1007/978-3-642-88458-0
Matson-Robles A, Herrera-Herrera A, Díaz-Caballero A, 
2015. In vitro antibacterial activity of Maclura tincto-
ria and Azadirachta indica against Streptococcus mu-
tans and Porphyromonas gingivalis. Brit J Pharm Res 
7: 291-298. https://doi.org/10.9734/BJPR/2015/18308
10 Jose S. Diaz, María C. Flores-Miranda, Norma Almaraz-Abarca et al.
Spanish Journal of Agricultural Research March 2021 • Volume 19 • Issue 1 • e0604
Oyaizu M, 1986. Estudies on products of browning reac-
tion. Antioxidative activities of products of browning 
reaction prepared from glucosamine. Japan J Nutr 
Dietet 474: 307-315. https://doi.org/10.5264/eiyo-
gakuzashi.44.307
Ozkan G, Franco P, De Marco I, Xiao J, Capanoglu E, 
2019. A review of microencapsulation methods for 
food antioxidants: Principles, advantages, drawbacks 
and applications. Food Chem 272: 494-506. https://
doi.org/10.1016/j.foodchem.2018.07.205
Peraza-Gómez V, Luna-González A, González-Prieto JM, 
Fierro-Coronado A, González-Ocampo HA, 2014. 
Protective effect of microbial immunostimulants and 
antiviral plants against WSSV in Litopenaeus vanna-
mei cultured under laboratory conditions. Aquaculture 
420-421: 160-164. https://doi.org/10.1016/j.aquacul-
ture.2013.10.044
Prieto P, Pineda M, Aguilar M, 1999. Spectrophotome-
tric quantitation of antioxidant capacity through the 
formation of a phosphomolybdenum complex: spe-
cific application to the determination of vitamin E. 
An Biochem 269: 337-341. https://doi.org/10.1006/
abio.1999.4019
Rajkumar T, Taju G, Abdul Majeed S, Sinwan Sajid M, 
Santhosh Kumar S, Sivakumar S, et al., 2017. Onto-
genetic changes in the expression of immune related 
genes in response to immunostimulants and resistance 
against white spot syndrome virus in Litopenaeus van-
namei. Dev Comp Immunol 76: 132-142. https://doi.
org/10.1016/j.dci.2017.06.001
Romero J, Feijoó CG, Navarrete P, 2012. Antibiotics 
in aquaculture - Use, abuse and alternatives, heal-
th and environment in aquaculture. IntechOpen, p. 
159-198. 9535104977, 9789535104971 https://doi.
org/10.5772/28157
Santos-Buelga C, González-Paramás AM, Oludemi T, 
Ayuda-Durán B, González-Manzano S, 2019. Plant 
phenolics as functional food ingredients. In: Advances 
in Food and Nutrition Research 90. pp: 183-257. Else-
vier. https://doi.org/10.1016/bs.afnr.2019.02.012
Song YL, Hsieh YT, 1994. Immunostimulation of tiger 
shrimp (Penaeus monodon) hemocytes for generation 
of microbicidal substances: analysis of reactive oxy-
gen species. Dev Comp Immunol 18: 201-209. https://
doi.org/10.1016/0145-305X(94)90012-4
Strickland JD, Parsons TR, 1972. A practical handbook of 
seawater analysis.
Subramanian D, Jang YH, Kim DH, Kang BJ, Heo MS, 
2013. Dietary effect of Rubus coreanus ethanolic ex-
tract on immune gene expression in white leg shrimp, 
Penaeus vannamei. Fish Shellfish Immunol 35: 808-
814. https://doi.org/10.1016/j.fsi.2013.06.008
Sudheer NS, Philip R, Singh ISB, 2011. In vivo screening 
of mangrove plants for anti WSSV activity in Penaeus 
monodon, and evaluation of Ceriops tagal as a poten-
tial source of antiviral molecules. Aquaculture 311: 36-
41. https://doi.org/10.1016/j.aquaculture.2010.11.016
Thornber K, Verner-Jeffreys D, Hinchliffe S, Rahman 
MM, Bass D, Tyler CR, 2020. Evaluating antimicrobial 
resistance in the global shrimp industry. Rev Aquacult 
12: 966-986. https://doi.org/10.1111/raq.12367
Tiwari R, Latheef SK, Ahmed I, Iqbal HMN, Bule MH, 
Dhama K, et al., 2018. Herbal immunomodulators - A 
remedial panacea for designing and developing effec-
tive drugs and medicines: Current Scenario and future 
prospects. Curr Drug Metabol 19: 264-301. https://
doi.org/10.2174/1389200219666180129125436
Tomazelli-Júnior O, Kuhn F, Mendonça Padilha PJ, 
Mota Vicente LR, Winckler da Costa S, Corrêa da 
Silva B, et al., 2018. Survival of White Spot Syndro-
me Virus-infected Litopenaeus vannamei fed with 
ethanol extract of Uncaria tomentosa. J World Aqua-
cult Soc 49: 165-174. https://doi.org/10.1111/jwas. 
12483
Trejo-Flores JV, Luna-González A, Álvarez-Ruíz P, Es-
camilla-Montes R, Peraza-Gómez V, Diarte-Plata G, 
et al., 2016. Protective effect of Aloe vera in Lito-
penaeus vannamei challenged with Vibrio parahae-
molyticus and white spot syndrome virus. Aquaculture 
465: 60-64. https://doi.org/10.1016/j.aquaculture.2016. 
08.033
Valentim-Neto P, Fraga A, Müller G, Marques M, 2015. 
Protein expression profiling in the gill of Litopenaeus 
vannamei (Boone, 1931) naturally infected with white 
spot syndrome virus. Crustaceana 88: 747-765. https://
doi.org/10.1163/15685403-00003446
Vanichkul K, Areechon N, Kongkathip N, Srisapoome P, 
Chuchird N, 2010. Immunological and bactericidal 
effects of turmeric (Curcuma longa Linn.) extract in 
pacific white shrimps (Litopenaeus vannamei Boone). 
Kasetsart J (Nat Sci) 44: 850-858.
Vargas-Albores F, Guzmán MA, Ochoa JL, 1993. An 
anticoagulant solution for haemolymph collection 
and prophenoloxidase studies of penaeid shrimp 
(Penaeus californiensis). Comp Biochem Physiol A: 
Physiol 106: 299-303. https://doi.org/10.1016/0300-
9629(93)90516-7
Wang L, Chen H, Xu J, Xu Q, Wang M, Zhao D, Wang 
L, Song L, 2017a. Crustacean hyperglycemic hor-
mones directly modulate the immune response of 
hemocytes in shrimp Litopenaeus vannamei. Fish 
Shellfish Immunol 62: 164-174. https://doi.or-
g/10.1016/j.fsi.2017.01.007
Wang Y, Liang JP, Duan YF, Niu J, Wang J, Huang Z, Lin 
HZ, 2017b. Effects of dietary Rhodiola rosea on grow-
th, body composition and antioxidant capacity of whi-
te shrimp Litopenaeus vannamei under normal condi-
tions and combined stress of low-salinity and nitrite. 
Aquacult Nutr 23: 548-559. https://doi.org/10.1111/
anu.12422
Spanish Journal of Agricultural Research March 2021 • Volume 19 • Issue 1 • e0604
11Antioxidant additive shrimp feeds
Wu YS, Lee MC, Huang CT, Kung TC, Huang CY, Nan 
FH, 2017. Effects of traditional medical herbs "minor 
bupleurum decoction" on the non-specific immune 
responses of white shrimp (Litopenaeus vannamei). 
Fish Shellfish Immunol 64: 218-225. https://doi.or-
g/10.1016/j.fsi.2017.03.018
Yang JW, Choi IS, 2017. Comparison of the phenolic 
composition and antioxidant activity of Korean black 
raspberry, Bokbunja, (Rubus coreanus Miquel) with 
those of six other berries. CyTA - Journal of Food 15: 
110-117.
Yang MC, Shi XZ, Yang HT, Sun JJ, Xu L, Wang XW, 
Zhao XF, Wang JX, 2016. Scavenger receptor C me-
diates phagocytosis of white spot syndrome virus and 
restricts virus proliferation in shrimp. PLOS Patho-
gens 12: e1006127. https://doi.org/10.1371/journal.
ppat.1006127
Zhang X, Song X, Huang J, 2016. Impact of Vibrio 
parahaemolyticus and white spot syndrome virus 
(WSSV) co-infection on survival of penaeid shrimp 
Litopenaeus vannamei. Chin J Ocean Limnol 34: 
1278-1286. https://doi.org/10.1007/s00343-016- 
5165-3
Ziaei-Nejad S, Rezaei MH, Takami GA, Lovett DL, Mir-
vaghefi AR, Shakouri M, 2006. The effect of Bacillus 
spp. bacteria used as probiotics on digestive enzy-
me activity, survival and growth in the Indian white 
shrimp Fenneropenaeus indicus. Aquaculture 252: 
516-524. https://doi.org/10.1016/j.aquaculture.2005. 
07.021
